Are there both low- and high-affinity glutamate transporters in rat cortical synaptosomes?
Kinetics of sodium dependent glutamic acid transport have been studied in rat cortical synaptosomes at sufficiently high glutamic acid concentrations ([G]) to delineate the "low affinity" transporter. Computer optimization techniques were used to fit the data to models which account for the sodium and substrate dependence of uptake. The data fit about equally well models consisting of two carriers (Model 1) or one carrier plus a linear component (Model 2). However, the results of further studies were inconsistent with Model 1, but totally consistent with Model 2. Thus the results are incompatible with the presence of both high- and low-affinity carriers. The carrier model found in previous studies of high affinity glutamate transport predicts the effects of high [G] and [Na] observed in the present study. The biphasic effect of [Na] on velocity of uptake is the logical consequence of the operation of this model. The rate equation for this model has been utilized to define and compute kinetic parameters which characterize the transporter. These kinetic functions are remarkably similar in shape and magnitude to previous estimates from the studies of the high affinity transport (low [G]). The results of other studies by the author which corroborate and expand the predictions of the kinetic model are discussed. These have been combined with the present results to formulate a rather comprehensive model of glutamate function. This model can be used to describe function in terms of mathematical equations and to make predictions from these equations. These equations relate velocity of uptake and the kinetic parameters to sodium and substrate concentration, velocity to membrane potential, distribution ratio to the electrochemical potential, and release to time, compartment sizes, and exchange constants. Such processes as concentration in the presynaptic terminal, depolarization induced release, re-uptake following stimulus induced release, and postsynaptic depolarization are all possible consequences of the operation of this model. The wide applicability of the model to the transport of other substrates in addition to glutamate is discussed.